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SPECIFICATION 

1. Title of the Invention 
DIRECT MEMORY ACCESS CONTROLLER 

2. What is Claimed is: 

A direct memory access controller comprising: 
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a memory address register (11) that holds memory addresses; 
a count register (12) to count the number of bytes transferred; 
a data buffer memory (15) to store transferred data temporarily; 
a valid byte number limiting register (13) to limit the number of 
valid 

bytes of the data buffer memory; and 

a memory pointer (14) to access the data buffer memory (15), 
wherein said access controller is configured so that the valid byte 

number of the data buffer memory (15) is a single burst DMA transfer, 

the number of valid bytes is variable, and the burst transfer time is 

variable . 

3. Detailed Description of the Invention 
(Summary) 

The invention relates to DMA controllers having internal data 
buffer memory, with the objective of obtaining and variable burst 
transfer times by making the number of valid bytes and variable, and 
comprises a memory address register that holds memory addresses, a 
count register to count the number of bytes transferred, a data buffer 
memory to store transferred data temporarily, a valid byte number lim- 
iting register to limit the number of valid bytes of the data buffer 
memory, and a memory pointer to access the data buffer memory, and is 
configured so that the valid byte number of the data buffer memory is 
a single burst DMA transfer, the number of valid bytes is variable, 
and the burst transfer time is variable. 

Industrial Field of Use 

This invention relates to DMA controllers having internal data 
buffer memory (direct memory access controllers) . Starting with con- 
trol computers, DMA transfer is necessary in fields where high-speed 
data transfer with I/O devices is needed. 

Prior Art 
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Figure 6 is a block diagram illustrating a prior art DMA control 
method. In this figure, 1 is the DMA controller, 2 is the memory, 3 is 
the I/O device, 4 is the CPU, 11 is the memory address register, 12 is 
the byte count register. 

As shown in Figure 6, prior art DMA control methods comprise a 
DMA controller 1 having a memory address register 11 for holding mem- 
ory addresses and a count register 12 for counting the number of bytes 
transferred; a memory 2; an I/O device 3; and a CPU. 

In this type of prior art, when the CPU 4 is set for the memory 
address and the number of transfer bytes relative to the DMA control- 
ler 1 and is started, the transfer will continue until the value of 
the count register 12 reaches zero. Thus, the typical methods are ei- 
ther continuous use of the bus (burst transfer method) , or the method 
in which the bus is released when a sinlge word's worth of a DMA 
transfer is performed (cycle steal transfer method) . 

Problems the Invention Seeks to Resolve 

Although the former method enables high-speed and highly effi- 
cient transfers since the time required to control the bus is small, 
the method conversely has a negative effect on the real-time charac- 
teristics of the overall system because there are delays caused by in- 
terrupt requests to the register and other problems due to long peri- 
ods of continuous use of the bus. 

With respect to the latter method, although there are no adverse 
effects on real-time characteristics, the method is defective because 
a large amount of time is required to control the bus. 

In light of these points, it is therefore an objective of the 
present invention to provide a DMA controller that obtains variable 
burst transfer times by making the number of valid bytes variable. 

Means of Solving the Problems and Operation of the Invention 

Figure 1 shows a block diagram of the DMA controller of this in- 
vention. In this same figure, 1 is the DNA controller, 11 is the mem- 
ory address register (MAR) , 12 is the byte count register (BCR) , 13 is 

3 



SS0022002977 



the valid byte number limiting register, 14 is the memory pointer reg- 
ister (MPR) , 15 is the data buffer memory, and 17 and 18 are data 
buses. The DMA controller 1 comprises a memory address register 11, a 
byte count register 12, a valid byte number limiting register 13, a 
memory pointer register 14, and a data buffer memory 15, among others. 
The memory address register 11 holds addresses in order to access mem- 
ory connected to the data bus 17. The byte count register 12 counts 
the number of bytes transferred. The data buffer memory 15 temporarily 
stores the transferred data. The valid byte number limiting register 
13 is it to limit the number of valid bytes of the data buffer memory 
15. The memory pointer register 14 holds addresses to access the data 
buffer memory 15. 

The following example is an explanation of operations when there 
is a DMA transfer from an I/O device to memory. Data that is input 
from an I/O device to the DMA controller via data bus 18 is stored se- 
quentially in the addresses of the data buffer memory 15 that are in- 
dicated by the memory pointer register 14. When the quantity of data 
in the data buffer memory 15 reaches the number of bytes indicated by 
the bite number limiting register 13, the data in the data buffer mem- 
ory 15 is transferred sequentially via the data bus 17 by burst trans- 
fer to the memory addresses that have been addressed by the address 
bus 16. In this case, if the value of the valid byte number limiting 
register 13 is large, the number of bytes at one time in the buffer 
memory becomes large and the burst transfer time becomes longer. Con- 
versely, if this value is small, the burst transfer time becomes 
shorter. This value can be selected according to the system. The value 
of the valid byte number limiting register 13 can be written according 
to the CPU 4. 

Preferred Embodiments 

Figure 2 is a block diagram of a configuration of a hardware 
mechanism for detecting the overage of valid bytes. In the figure, 19 
is a decoder, 20 and 21 are AND circuits, and 22 is an OR circuit. 

Signals that are decoded by the decoder 19 are used and the value 
of the valid byte number limiting register 13 selects the valid bytes 
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of the memory pointer register 14. For example, the AND circuit 20 be- 
comes "true" when the number of valid bytes exceeds 2 n bytes, and the 
AND circuit 21 before becomes "true" when the number of valid bytes 
exceeds 2 n ~ t+1 [partly illegible], and the output of the OR circuit 22 
is "true" in either case. For example, when a DMA transfer is per- 
formed from the I/O device to memory, and the value of the memory 
pointer register 14 for each storage of data from the I/O device to 
the data buffer memory 15 is incremented, if the output of the OR cir- 
cuit 22 is "true," the data stored in the data buffer memory 15 is 
burst-transferred to memory. This operation is repeated until the 
count register 12 goes to zero. Transfers from memory to I/O devices 
can similarly be controlled. 

Figure 3 is a block diagram of a configuration of a sequencer 
used in this invention. In the figure, 23 is a counter, 24 is mi- 
crocode memory, and 25 is a multiplexer. 

Although not indicated in Figure 1, the sequencer in Figure 3 ex- 
ists within the DMA controller, and it controls each part of the DMA 
controller I. The counter 23 typically increases the count by value of 
+1, but when the branch address input to control signal is on, the 
counter 23 sets the microcode branch address that is read out. The mi- 
crocode address that is specified at the counter 23 is read out from 
microcode memory 24. The multiplexer 25 checks the read-out microcode 
branch conditions selection part content to determine whether or not 
branch conditions have been established, and turns the branch address 
input control signal on if the specified branch conditions have been 
established. 

Figure 4 is a flow chart showing the processing when data is 
transferred from I/O to memory. This processing is performed by se- 
quencer control as follows: 
® The CPU starts the DMA controller (DMAC) and the I/O device. 
(2) The I/O device waits until the data request DREQ to the DMA con- 
troller is turned on. 
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© The DMA controller selects the I/O device data register port and 
performs a data transfer from the I/O device to the data buffer 
memory. 

® The DMA controller checks to see if the number of data bytes in 
the data buffer memory exceeds the number of valid bytes or not. 
If it is "yes", proceed to ©; if "no", return to ®. 

(5) The DMA controller issues a request to acquire the system bus. 

© When the bus has been acquired, data transfer from the data buffer 
memory->memory is performed. (Continues until the data buffer mem- 
ory has been emptied.) 

@ Check to see if the transfer counter (same as the byte counter 
register) is 0 or not. Return to process ® if it is "no". 

Figure 5 is a flow chart showing the processing when data is 
transferred to an I/O. This processing is performed by sequencer con- 
trol as follows: 

® The CPU starts the DMA controller and the I/O device. 

(2) The DMA controller issues a request to acquire the system bus. 

(3) When the bus has been acquired, data transfer from the memory -> 
data buffer memory is performed. 

® The DMA controller checks to see if the number of data bytes in 
the data buffer memory exceeds the number of valid bytes or not. 
If it is "yes", proceed to ©; if "no", return to (3>. 

(D The I/O device waits until the data request DREQ to the DMA con- 
troller is "on". 

® The DMA controller selects the I/O device data register port and 
performs a transfer of data from the data buffer memory to the I/O 
device . 

© Processes (D and © continue until the data buffer memory is empty. 
(D Check to see if the transfer counter is "0" or not; if it is "no", 
return to process (D. 
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Effect of the Invention 

As is clear from the foregoing description, the DMA controller of 
this invention has the function of taking transfer data into the in- 
ternal data buffer memory during DMA transfers, and a burst DMA trans- 
fer is performed as a single data size data buffer memory. The differ- 
ence between the present invention and the prior art lies in the fact 
that the valid byte size of the data buffer memory is variable, and 
the burst transfer time is variable. 

Brief Description of the Drawings 

Figure 1 shows the DMA controller of this invention; Figure 2 is 
a block diagram of a configuration of a hardware mechanism for detect- 
ing the overage of valid bytes; Figure 3 is a block diagram of a con- 
figuration of a sequencer used in this invention; Figure 4 is a flow 
chart showing the processing when data is transferred from I/O to mem- 
ory; Figure 5 is a flow chart showing the processing when data is 
transferred to an I/O; Figure 6 shows a prior art DMA control method. 

1 DMA controller 

2 Memory 

3 I/O device 

4 CPU 

11 Memory address register 

12 Byte counter register 

13 Valid byte number limiting register 

14 Memory pointer register 

15 Data buffer memory 
17, 18 Data bus 

19 Decoder 

20, 21 AND circuit 

2 2 OR circuit 
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